N ursing personnel, including both registered professional nurses and ancillary personnel, have been identified as an occupational group at high risk for work-related back injuries (Jensen, 1986; Klein, 1984; Crust, 1972; Magora 1970) . This health need has generated interest in the role of education in the primary prevention of back injury among nursing personnel. Traditionally, education in safe lifting procedures and proper body mechanics has been considered a useful intervention. This approach is supported by clinicians and advocated in a number of published descriptions of proposed or working programs (McGovern, 1985; Raistrick, 1981) . In spite of these clinical efforts there seems to be little or no reduction in the magnitude of the problem. Recent field trials have not provided strong clinical evidence to support a purely educational approach (Stubbs, 1983; Scholey, 1983) . Furthermore, causal research has identified potentially stronger influential factors such as job redesign (Harber, 1985; Stubbs, 1983) , risk factor intervention (Owen, 1984) , and employee selection (Chaffin, 1978) . Despite this recent research, education in safe lifting procedures and proper body mechanics is a prevailing component of back injury prevention in 'occupational health.
PURPOSE
The purpose of this article is to clarify the relationship between education in lifting procedures and proper body mechanics and the prevention of work-related injuries among nursing personnel. Primary prevention means stopping problems before they happen. Secondary and tertiary prevention such as injury management, although important issues contributing to the overall cost of back injuries, will not be addressed in this text. Nursing personnel includes professional nurses, licensed practical nurses, and nursing aides. This information will be most useful to health professionals who are charged with designing and managing primary back injury prevention programs for nursing personnel.
METHOD
This article examines back injuries as a health problem, defining the AAOHN JOURNAL, AUGUST 1988, VOL. 36, NO.8 relationship between host and stressor. Through a problem solving approach, a number of alternate back injury prevention strategies are examined to determine if education is an effective intervention in the primary prevention of back injuries among nursing personnel. The information gained through this process is analyzed to predict the potential contribution that an education program can make to the overall reduction of back injuries among nursing personnel.
HEALTH MODEL INTERVENTIONS
The relationship between back stress and the worker is similar to the relationship described in a linear health model. A state of health exists when the individual or host is able to withstand environmental stressors. Stressors may include pathogens or trauma. Occupationally acquired back complaints or back injuries among nursing personnel are best categorized as trauma, either one major event or the cumulative effect of recurring minor trauma such as overuse occurring in client care activities. The pathological state is avoided by either increasing the resistance of the host to the stressor or reducing the strength of the stressor. There are a number of alternatives to influence the relationship between host and stressor. This discussion is limited to those strategies which can be applied to a work force population (see Figure) .
Increasing Host Resistance
One side of the health model proposes interventions that increase host resistance to the stressor. The first alternative strategy, "increase the strength of all nursing personnel" seems to be an unrealistic goal and in direct conflict with ergonomic philosophy of redesigning the job to match the employee's strength. The second alternative strategy, "match employee strength to the task," may be a viable solution in a controlled and limited environment where a few heavy jobs can be assigned to the strongest workers. However 95% of nurses report at least occasional lifting in the institutional setting (Venning, 1987) , challenging the feasibility of such a strategy in the health care setting.
The third proposed strategy is "perform lifestyle risk factor intervention," a popular health model strategy for conditions where etiology has been associated with lifestyle factors such as smoking, diet, etc. These may only have a small and indirect impact on back injury prevention. There has been some investigation of personal characteristics and incidence of back injuries.
Smoking has been associated with increased risk and morbidity of back complaints in at least one nursing (Owen, 1984) study and non-nursing (Frymoyer, 1983) study. However, the clinical impact is minimal compared to job related factors. The strength of the association is also considered weak because in cross-sectional and retrospective studies it is difficult to establish a test of temporality.
Personal factors such as age, weight, and gross measures of fitness have not been associated with increased incidence of occupational back complaints among nursing personnel (Venning, 1987; Uhl, 1987; Skovron, 1987; Owen, 1984; Dehlin, 1976) . High perceptions of, or responses to, stress have been retrospectively associated with the existence of back complaint in a comparison of 32 injured nurses to a control group of 32 uninjured nurses (Owen, 1984) . Again, these findings do not establish causality because the factor of interest was not well-defined in the total population at risk. These findings do raise interest in the psychosocial aspect of injury risk. The psychological characteristics of the individual may have some influence on the incidence and prevalence of back injuries, but until further evidence is available, no predictions about the magnitude of this effect can be made.
Overall, the evidence linking personal characteristics to incidence of back complaint is relatively weak when compared to job-related fac-tors. Therefore, while interventions directed towards changing lifestyle factors may have some application in secondary and tertiary prevention efforts, it is unlikely that such interventions will have much impact in primary prevention.
The fourth strategy proposed is "train employees in safe lifting procedures and proper body mechanics." This approach is supported in both basic science (N achemson, 1975) , empirical research (St. Vincent, 1987; McGovern, 1985; Raistrick, 1981) , and at least one nonnursing causal study (Kelsey, 1984) . In a survey of workers in Connecticut, Kelsey (1984) found that work tasks requiring straight legs and rotational trunk movements increased the risk of disk herniation sixfold as compared to work tasks performed with bent knees and straight backs. The growing body of knowledge about the exponential impact of body position on the amount of back stress during lifting activities supports the belief that instruction in proper body mechanics and lifting procedures in the prevention of job-related back injuries is effective. The major controversy lies in what content to teach. The multivariate nature of biomechanics related to client care activities is still under study.
The final strategy for increasing host resistance to the stressor is "instruction in back care." In the treatment of back complaints it may be just as important to examine the activities that precede the lifting task as it is to examine the lifting task when proposing strategies for injury prevention. In discussions of prophylactic back care, Robin McKenzie (1980), a noted clinician in the treatment of back problems, theorizes that biomechanically stress-reduced sleeping and sitting positions are important to allow the intervertebral disks and related spinal structures a period of time to recover from biomechanically stressful periods. He advocates maintaining a slight lordosis and eliminating any rotational torque stress on the spinal unit. He also describes back conditioning exercises to help to maintain a heavy clients. • Match employee strength
• Increase personnel to share to task (selection -lifting lifting tasks. restrictions).
• Redesign job/use lifting • Perform risk factor aids. intervention (life style). • Train employees in safe lifting procedures and proper body mechanics. • Instruct in back care.
healthy back. There are no strong controlled clinical trials to support Mckenzie's premise, but wide acceptance of this approach in current practice suggests clinical significance has been established through empirical field testing. Controlled studies to isolate the contributions of instruction in back care to the overall reduction in back complaints research are needed . Then, a more informed decision can be made about inclusion of this strategy in a comprehensive primary back injury prevention program.
Decreasing Stressor Strength
The first two stress reduction interventions have little potential for primary development (see Figure) . Certainly "refusing to provide care for heavy clients" is an ethically unacceptable alternative. To "increase the number of nursing personnel" may alleviate some of the problem, but it also increases the cost of a labor intensive industry. The third strategy, "redesign job and use lifting aids" is currently a very popular proposal offered by ergonomists which seems to provide the most potential for impact. It will be discussed in detail A synopsis literature review of current causal research about back injuries among nursing personnel is presented in the Table. Much of the research cited can be criticized because of non-random sample selection; small sample size; fair response rates; or survey questions biased by a retrospective study design. In spite of these criticisms, the results of the few well-designed studies are relatively consistent with the weaker designs. The major predictors of high risk are found to be job-related factors that include service area assignment (Venning, 1987) ; job activities (Harber, 1985; Owen 1984; Videman , 1984; Magora , 1972) ; and the job categories of practical nurses, aides, and attendants (Venning, 1987; Jensen 1986; Stubbs, 1983) .
In individual chi-square analysis, service area assignment has been found to increase risk of reporting work-related back injury at a ratio of 13 to 1 (Venning, 1986) . Other researchers have concluded that service area assignment was not as important as the kind of tasks performed and how these tasks were performed (Uhl, 1987; Skovron, 1987; Harber, 1985; Stubbs, 1983) . Job category, comparing registered nurses to aides and others, has been found to increase both incidence and morbidity in the studies with the largest sample populations (Venning, 1987; Jensen, 1986; Stubbs, 1983) ; and not found to be significant in at least one other study (Skovron, 1987) .
The consensus from the literature is that some element of job-related client care activities is a major risk factor in the incidence of back injury among nursing personnel. The individual may have little control over these job-related factors. Nurses cannot always select light duty with minimal client care any more than the job categories of licensed practical nurses, nursing aides and attendants can or should be eliminated. Redesigning the job to fit the skills and physical abilities of the employee appears to be the most acceptable alternative.
Job redesign may be the most logical solution to this occupational health and safety problem, but redesign of client care activities is difficult to operationalize. For example, one commonly proposed component of job redesign to reduce back stress related to lifting is the use of mechanical lifting aids. Nurses themselves offer some insight to the limitations of this proposal.
In a large multi-center survey of both job-related and personal factors as determinants of back injury among nursing personnel , over 4,000 nursing personnel responded to a series of questions regarding the use of mechanical lifting aids. It was found that nurses believed that lifting aids were not appropriate for all clients. Further, lifting aids were often not available. If available, they were in poor repair or not feasible for use in confined areas. Even when lifting aids were available, only about 25% of nursing personnel reported using them (Venning, 1985) . These findings were supported in another large survey of American nurses (Prezant, 1987) .
If increased utilization of lifting aids is a behavioral objective of a back injury prevention program, a number of variables will influence program success. Nursing responses suggest a need for some attitude change regarding the utility of lifting aids. Indications for appropriate use of lifting aids as well as limitations of lifting aids may need to be more clearly defined. Organizational support is also required to insure availability and maintenance of mechanical lift- ing aids. Even if the proper use of mechanical lifting aids is satisfactorily addressed, the ergonomic approach of job redesign is far from complete. Strong comparative research related to proposed model programs is nonexistent. Individual client nursing tasks have not been well defined by the amount of inherent back stress related to the tasks. To illustrate, consider one task: sliding an adult up the bed to readjust positioning. Positioning of clients in bed has been identified as a strenuous nursing task in several investigations (Owen, 1987; Harber, 1985; Imbeau, 1984) . Clearly there is a need to examine the physical requirements of this nursing activity using the National Institute for Occupational Safety and Health (NIOSH) guidelines for permissible lifting requirements (NIOSH, 1981 ) to see if the task meets the guide-lines. If there is a discrepancy between the guidelines and the work tasks, then the job should be redesigned to bring the ideal to the natural work environment.
To summarize proposed interventions generated from the health model, it has been demonstrated that education is not a panacea to the.primary prevention of job-related back injuries among nursing personnel. An ergonomic approach that considers the inherent safety of work activities seems to offer the greatest potential for injury reduction. Education does appear to have a well-justified supportive role in training employees in ergonomically sound lifting procedures. Based on current knowledge, education may also have some potential value as an independent intervention to provide instruction in back care and body mechanics, although the overall contribution of instruction in back care and body mechanics still needs to be defined.
DISCUSSION
If education in proper body mechanics and back care should theoretically impact the prevention of back injuries, why is this not strikingly evident in research and clinical trials? In re-examining research some plausible answers emerge. In crosssectional and retrospective surveys of nursing personnel, education in Iifring procedures and proper body mechanics has often been examined with a global question such as: "Have you ever received instruction in lifting procedures?" This type of measurement is not sensitive to the issue because the content and delivery of the education is not known.
There is a large body of public knowledge about proper lifting and body mechanics. A 1981 U.S. Department of Health and Human Services technical report addressing manual materials handling stated that the worker was probably the best judge of body position during a lifting task (NIOSH, 1981) . The National Institute for Occupational Safety and Health report does attest to the existence of a general level of public knowledge with regard to lifting that would contaminate causal analysis of global questions about lifting education. A more controlled and specific measurement procedure is required to examine the impact of welldefined educational interventions.
There is further skepticism about a purely educational approach since education alone has not been shown to increase compliance in health care management. In a follow-up study of a general population of clients with back complaints, Spelman (1984) found that subjects did not perceive that knowledge about the disorder affected exercise compliance. Immediate relief of symptoms or perceived benefit did increase compliance. In a classic randomized controlled study of compliance, Sackett (1978) found that knowledge about the disorder of hypertension did not increase management compliance but did increase sick leave. Conclusions from these studies are that if the behavioral changes proposed through an education program are perceived by the client to be beneficial in the short term, then compliance is improved. If behavioral change is not effected the rebound result may be an increase in sick leave related to the disorder. The caution is that an unsuccessful educational intervention may actually inflate the compensation cost of the problem.
Training in lifting procedures does not necessarily focus on the disorder of back complaint and should be considered separately from instruction in back care and body mechanics. Two pilot field trials (Stubbs, 1983; Scholey, 1983) related to instruction in lifting techniques are examined here in detail. Neither study was successful in demonstrating the effectiveness of specific lifting training in reducing back stress among nursing personnel. Although the small number of subjects participating in both trials limits the ability to generalize, a review of the accounts of these trials provides useful information.
The trial conducted by Stubbs (1983) involved one instructor and four student nurses. No significant effect in reduction of back stress was Venning demonstrated as a result of training. These authors also concluded that little scientific data were available with respect to acquisition times for teaching skills. They emphatically challenged both the appropriateness of conventional lifting procedures and the validity of a training approach if the lifting tasks required of nurses are intrinsically unsafe. They advocated an ergonomic approach proposing job redesign through task analysis and subsequent training in safe lifting procedures.
In the other field trial, Scholey (1983) reported partial success in reducing back stress as a result of training intervention. The author had several recommendations for additional instructional design features that could favorably affect outcome. The research subjects consisted of four nurses with varying degrees of experience. They were trained in specific lifting techniques. Incoordination of two-person lifting tasks occurred when a student nurse subject was in charge of the lift. These occurrences corresponded to increased intra-abdominal pressures indicative of high activity stress. In contrast, an older and more experienced auxiliary nurse subject assigned to the same ward demonstrated a significant reduction in back stress after training. The experienced auxiliary nurse subject was observed training her assistant in the new techniques and consequently they worked as a team. The less experienced student nurse subject did not train her assistant in the new techniques. From these observations the author suggests that student nurses lack the confidence to change the behaviors of more experienced staff and that training student nurses in new lifting techniques will be ineffective until the permanent nursing staff have been adequately trained.
FUTURE RESEARCH
Some important research questions have been generated in this discussion. One of the primary questions raised is "What are safe lifting procedures to be used by nursing personnel in client care activities?" Back Injury Prevention Among Nursing Personnel: The Role of Education. Venning, P.J. AAOHN Journal 1988; 36(8):327-333. Back Injury
IN SUMMARY

CONCLUSIONS
The relationship between education and the primary prevention of back injuries among nursing personnel has been reviewed. Education alone will not solve this occupational problem. An ergonomic approach that considers the intrinsic stress of job tasks is most likely to effect the greatest reduction in back injuries among nurses. Education does, how-Questions concerning instructional design and delivery of training programs in lifting procedures were also raised. Some information related to instructional design also emerged. Measuring efficacy of work-related training programs seems critically dependent on controlling work environment conditions through study design. From this finding, the correlation can be made that the success of an education or training program is critically dependent on instructional design features that consider both the nature of the instruction and the work environment conditions of performance. Given the results of the work of Sackett (1978) on compliance in individuals with hypertension, it may be that having no back injury prevention education is better than a little knowledge that does not productively change work behaviors. ever, have a vital role in training employees in ergonomically safe lifting procedures. The traditional content area of instruction in proper body mechanics has been supported theoretically, but predictions of the potential benefits of instruction in use of proper body mechanics are impossible until field trials are conducted.
Similarly, instruction in back care is a current practice in the management and prevention of back complaints, but there is no strong research evidence to support this practice. Given the present state of knowledge, instruction in the use of proper body mechanics and back care are recommended as component parts of a research protocol examining the effectiveness of a comprehensive back injury prevention program. This recommendation is not a sanction for immediate and universal adoption of these back injury prevent ion strategies but rather a call for further research that supports informed and rational decisions for future program planning.
The success of an education or training program is dependent on instructional design features that consider both the nature of the instruction and the work environment conditions of performance.
Instruction in safe lifting procedures appears to have a well justified supportive role in the primary prevention of back injury among nursing personnel.
There is justification to evaluate the impact of instruction in back care and body mechanics.
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